The natural infection with parasitic helminths is common in wild rodent populations. Once such interactions are better understood in the laboratory, it will be more feasible to extend the findings to infected hosts in nature. The flukes recovered from laboratory-infected Akodon cursor at 63 days post-infection were stained with hydrochloric carmine and individually mounted on glass slide as whole-mounts. Light and laser scanning confocal microscopy studies of adult male and female Schistosoma mansoni are reported. The parasites were examined morphologically and biometrically, which was obtained in a digital system for image analysis. Parameters used were: tegument thickness, digestive, excretory and reproductive systems. The overall conclusion of this experiment is that the morphological features of adult worm were similar to laboratory mice. It has been confirmed that the grass mouse is a permissive host to S. mansoni infection.
Introduction
The analysis of the population dynamics of small rodent in Sumidouro (Rio de Janeiro, Brazil) indicated that the Brazilian grass mouse Akodon cursor (Winge, 1887) is one of the most abundant species (D'Andrea et al. 2007 ). On basis of biological, epidemiological, and ecological studies, the role of the water-rat Nectomys squamipes (Brants, 1827) in schistosomiasis transmission has been reported (D'Andrea et al. 2000) . The studies of helminth fauna of natural wild hosts have in Brazil a long tradition (Amato 1976 , Gomes and Vicente 1984 , Maldonado et al. 2006 , Souza et al. 2008 . Besides its ecological importance, natural infection with parasitic helminths is common in A. cursor. Both nematode (Gomes et al. 2003) and schistosomiasis mansoni infections have been reported .
For this reason, some species of wild rodents have been introduced for captive conditions and were employed as natural-hosts animal models for schistosomiasis studies (Machado e Silva et al. 1991 , Maldonado Jr. et al. 1994 , Lenzi et al. 1995 , Ribeiro et al. 1998 .
Much of the interest in describing and modeling the population dynamics of helminths has concerned parasite fecundity in the definitive host (Toledo et al. 2006) . However, morphological characteristics of adult worms demonstrate that phenotypic plasticity is an important means through which helminths respond to changes in environmental conditions. Our previous studies have demonstrated host-induced morphological modifications in S. mansoni adult worms, indicating that each host may constitute a heterogeneous environment to the parasite , Martinez et al. 2003 , Neves et al. 2004 . In the present study, we have asked whether a strain of S. mansoni which has been maintained in Swiss Webster mice for the past 40 years, undergoes phenotypic plasticity in A. cursor. We found that the morphological features of adult worm were similar to laboratory mice, indi-*Corresponding author: machado@uerj.br cating absence of phenotypic plasticity. In conclusion, this experiment has shown that the grass mouse is a permissive host to S. mansoni infection.
Materials and methods

Husbandry
The study used eight mice (five-month-old) from the colony at the Laboratório de Biologia e Parasitologia de Animais Silvestres Reservatórios (Instituto Oswaldo Cruz, Brasil). Experimental mice were housed singly in standard polypropylene rodent cages (40 × 33 cm) with stainless steel-screened covers. Animals were provided with rodent chow (Nuvilab CR1, Colombo, Paraná, Brazil) and water ad libitum. The experiments reported here comply with the current laws regarding ethical procedures with investigated animals.
Parasite maintenance and mouse infection procedure
The S. mansoni life cycle is maintained routinely in Biomphalaria glabrata snails and mice at the Laboratório de Malacologia (Instituto Oswaldo Cruz, Brasil) and prepared by exposing infected snails to light for 2 hrs to induce shedding of parasites (Freire et al. 2003) . Each mouse was exposed to approximately 150 S. mansoni cercariae (BH strain, Brazil) by subcutaneous route, as previously reported (Machado e Silva et al. 1991) .
Worm procedures
Conventional porto-hepatic perfusion was performed as described for laboratory mice (Freire et al. 2003) at day 63 after infection. Schistosomes were prepared for light and confocal microscopy by post-fixation in worm AFA (acetic acid, formalin, alcohol), staining in 2.5% hydrochloric carmine, dehydration in an alcoholic series, clearing in methyl salicylate with Canada balsam (1:2) and mounting in glass slides (Neves et al. 1998) . Each whole-mount contained only a single worm (male or female). Seventy-four worms (49 males and 25 females) were examined microscopically (Olympus BX50, USA) to assess morphometry, using computer image analysis (Image Pro Plus-Media Cybernetics, USA) coupled to a Sony camera (640 × 480 pixels, RGB) using bright-field microscopy (Olympus BX50, USA) (Neves et al. 1998) .
We studied tegument thickness, area of the oral and ventral sucker, and distance between them; perimeter, area, major and minor diameter, and number of testicular lobes, uterine egg and ovary. All measurements are in micrometers unless another one has been indicated. The dimension of organs represents arithmetic mean and standard deviation (Neves et al. 1998 ).
The same whole-mounts were also used for further analysis by confocal microscopy (LSM 410-ZETA, Zeiss, Germany) using a 543 He/Ne laser, with an LP 570 filter. The images were transferred from the LSM computer to Microsoft ImagerTM and Corel Draw 6.0TM for final contrast, brightness and gamma correction adjustments and then printed using a Codonics NP 1600TM printer (Machado-Silva et al. 1998) . The reproductive organs (testicular lobes, supernumerary testes, seminal vesicle, ovary, oocytes, seminal receptacle, vitelline glands, ootype and uterus), tegument, digestive system and excretory system were examined (Neves et al. 2005) . In males, tegument thickness measurements were always taken from the region below the second testicular lobe, whereas measurements from females were taken from the area adjacent to the ventral sucker.
Results
Biometric findings
Data are presented as mean ± SEM. The morphometric data given in Table I indicate that measures of tegument thickness (10 ± 1.9 µm; 4 ± 0.8 µm), oral sucker area (16057 ± 12110 µm 2 ; 1817 ± 584 µm 2 ); ventral sucker area (19415 ± 15670 µm 2 ; 1817 ± 584 µm 2 ); distance between suckers (221 ± 71 µm; 115 ± 26 µm) are greater in male worms than females. The measurements of the testicular lobes were: number (8 ± 3), area (11241 ± 4789 µm 2 ), perimeter (584 ± 199 µm), major diameter (208 ± 75 µm) and minor diameter (53 ± 18 µm). With regard to the female reproductive system, we analysed the number (1), area (2486 ± 742), perimeter (96 ± 7 µm), larger diameter (101 ± 7 µm) and smaller diameter (38 ± 11 µm) of uterine eggs. The biometry of the ovary of each female was: area (21907 ± 5631), perimeter (330 ± 62 µm), larger diameter (770 ± 130 µm) and smaller diameter (73 ± 15 µm).
Morphological findings
The males have testicular lobes densely packed with germinative cells in different stages of maturation, seminal vesicle which opens ventrally through the genital pore near the anterior end of a ventral groove, the gynaecophoric canal (Fig. 1) . All males showed seminal vesicle with spermatozoa (Fig. 1) . Eight worms (16.3%) presented supernumerary testicular lobes, which were isolated from the normal lobes and showed an amorphous appearance (Fig. 2) . The digestive system blindly ends in the distal end (Fig. 3) . Extending each side are two collecting ducts and an excretory bladder that opens to the outside through a posterior excretory pore (Figs 3, 4) .
The female reproductive system was distinguished by a straight uterus extended to the genital pore located below ventral sucker (Figs 5, 6 ). Beyond the uterus, an ootype displaying a developing embryo with spine egg (Figs 6, 7) and a short oviduct linking the ovary to the ootype were evidenced (Fig. 6 ). An elongated ovary with differentiated cells was observed (Fig. 8) .
Discussion
Wild rodents in nature often acquire infections by different helminth species over their lifetime. Indeed, such situation has driven both taxonomic Vicente 1984, Gomes et al. 1992 ) and epidemiological studies (D'Andrea et al. 2007) . Even though A. cursor has not water-contact pattern like N. squamipes, its natural schistosomiasis infection was also reported . For these reasons, A. cursor and N. squamipes have been bred under captivity conditions (Almeida et al. 1986 , D'Andrea et al. 1996 .
Experimental schistosome infections of laboratory animals, particularly mice, are used frequently to the understanding of the pathology and pathogenesis of infection to (Cheever et al. 2002) . However, those animals do not have a role in the natural life cycle of S. mansoni. Our previous studies (Machado e Silva et al. 1991 , Maldonado Jr. et al. 1994 ) and others (Ribeiro et al. 1998) have demonstrated that available knowledge can be learnt from wild rodents experimentally infected under laboratory conditions. In addition, the success of S. mansoni development in a wild rodent may provides a measure to assay its susceptibility or ability to maintain this parasite (Toledo et al. 2006) . A. cursor possesses many qualities which would be highly desirable in a laboratory animal: it is capable of breeding successfully under simple conditions of management and displays good adaptation to laboratory facilities (D'Andrea et al. 1996) . Further, it is susceptible to experimental schistosomiasis mansoni infection (Machado e Silva et al. 1991) .
The aim of this study was further substantiate this susceptibility, which was assessed through morphological parameter of adult worms. Even though each host may constitute a heterogeneous environment to the parasite, host-induced morphological alterations were not found. It is known that phenotypic plasticity is an important means through which helminths respond to changing in environmental conditions. Hosts exert strong influence on the morphological features of both adult trematodes (Watson and Pike 1993) and Fasciola hepatica eggs (Valero et al. 2009 ). Data accumulated in recent years demonstrate that flatworms infecting hosts which are not their natural one undergo strong morphological changes (Mouhaid et al. 1997) . For instance, schistosomes live in both wild rodents (Rey 1993 ) and laboratory-infected mice (Cheever et al. 2002) . In such variable environments there are different ways to maximize fitness. An example of this are the schistosomes recovered from N. squamipes that show mor-phological variations in comparison with specimens from laboratory mice (Martinez et al. 2003 , Neves et al. 2004 . In addition, the number of testicular lobes enhances whether the parasite is derived from N. squamipes and grown up in SW mice . Features like body length and distance between suckers have been described to differ in worms recovered from various rodents , Neves et al. 1998 .
Supernumerary testes lobes is an uncommon morphological feature previously also reported in S. mansoni (Najim 1951; Machado-Silva et al. 1994 Neves et al. 1998) . Our previous study showed males with rudimentary ovary and a residual oviduct posterior to the normal set of testicular lobes or fully mature oocytes in variable amounts. This seems to attest the hermaphroditic roots of this parasite (Hulstijn et al. 2006) . In this study, no reproductive system abnormalities were found, contrasting to those findings reported in N. squamipes (Neves et al. 2004) .
A considerable weight of evidence has been accumulated to show that the full somatic development of adult worms, characterized by large size, complete formation of reproductive organs and complete tegument maturation, is reached only in permissive hosts (mice, hamster and water-rat) (Cioli et al. 1977 , Machado-Silva et al. 1997 . The overall conclusion of this experiment is that A. cursor provides a suitable environment to the parasite because the morphological features of adult worm were similar to laboratory mice. The present data, taken together with previously reported (Machado e Silva et al. 1991) confirm that the grass mouse is a permissive host to S. mansoni infection. Previous work in our laboratory showed that A. cursor develops experimental schistosomiasis mansoni infection. It means that A. cursor can be termed a permissive host similar to white mice (Cioli et al. 1977) .
